, Blastomonas (Sly & Cahill, 1997) , Sandaracinobacter (Yurkov et al., 1997) , Sphingosinicella (Maruyama et al., 2006) , Sandarakinorhabdus (Gich & Overmann, 2006) , Stakelama (Chen et al., 2010) , Parasphingopyxis (Uchida et al., 2012) , Sphingomicrobium (Kämpfer et al., 2012) , Sphingorhabdus (Jogler et al., 2013 ) Hephaestia (Felföldi et al., 2014 , Polymorphobacter (Fukuda et al., 2014) and Rhizorhabdus and Rhizorhapis (Francis et al., 2014) . These members of the family Sphingomonadaceae share several phenotypic features, such as a polar lipid pattern containing sphingoglycolipids, the presence of Q-10 as their predominant respiratory quinone (Balkwill et al., 2006; Yabuuchi et al., 1990) , a fatty acid profile containing C 14 : 0 2-OH fatty acid and a polyamine pattern with either spermidine or homospermidine as the major component. This paper deals with the detailed taxonomic characterization of another isolate, MC 3718
T , that is proposed to represent a new genus of the family Sphingomonadaceae.
Strain MC 3718
T was isolated from a soil sample collected from high-Arctic tundra near the settlement Ny-Å lesund (788 539 N 128 099 E) in the Svalbard archipelago, Norway. The soil sample was diluted serially with a sterile 0.85 % (w/v) NaCl solution, and these dilutions were plated onto R2A (BD) agar plates. Single colonies on these plates were purified by transferring them onto new plates and subjecting them to additional incubation for 7 days at 37 8C. The isolate was routinely cultivated on R2A agar at 30 8C and stored by lyophilization.
For 16S rRNA gene sequencing and phylogenetic analysis, genomic DNA was extracted from a fresh culture of strain MC 3718
T following the methods of Sambrook et al. (1989) . Universal bacterial primers 27F (59-GAGTTTGA-TCCTGGCTCAG-39) and 1540R (59-AGAAAGGAGGT-GATCCAGCC-39) were used for amplification of the 16S rRNA gene (Lane, 1991) . PCR and 16S rRNA gene sequencing were carried out according to the procedure described by Lin et al. (2004) . Sequence similarity was investigated using NCBI BLAST and pairwise alignment was calculated using the EzTaxon database (Chun et al., 2007) . Phylogenetic analysis was performed by using the software package MEGA version 5.0 (Tamura et al., 2011) after multiple alignment of the data via CLUSTAL_X (Thompson et al., 1997) . Phylogenetic trees were reconstructed by using the neighbour-joining (Saitou & Nei, 1987) , maximum-likelihood (Felsenstein, 1981) and maximum-parsimony (Fitch, 1971) methods. Evolutionary distances for the neighbour-joining algorithm were calculated with Kimura's two-parameter method (Kimura, 1980) and the topology of the neighbour-joining tree was evaluated by bootstrap analysis on the basis of 1000 replications (Felsenstein, 1985) . Close-neighbour interchange (search level52, random additions5100) was applied in the maximum-parsimony analysis. The root position was estimated by using the 16S rRNA gene sequence of Escherichia coli ATCC 11775
T as an outgroup. T can be considered to represent a novel genus and species within the family Sphingomonadaceae. Therefore, we selected Sphingosinicella xenopeptidilytica DSM 17130
T (Geueke et al., 2007) , the strain with the highest 16S rRNA gene sequence similarity, Sandarakinorhabdus limnophila DSM 17366 T (Gich & Overmann, 2006) and Polymorphobacter multimanifer JCM 18140 T (Fukuda et al., 2014) , with which the novel strain forms a monophyletic cluster, and other strains with relatively high similarity, Sphingomonas wittichii DSM 6014 T (Yabuuchi et al., 2001) , Sphingosinicella microcystinivorans KCTC 12019 T (Maruyama et al., 2006) , Sphingosinicella soli KCTC 12482 T (Yoon et al., 2008) , Hephaestia caeni DSM 25527
T (Felföldi et al., 2014) and Rhizorhabdus argentea LMG 12581 T (Francis et al., 2014) , as reference strains. Prior to testing, all strains were incubated aerobically for 3 or 5 days on R2A agar (BD) at the optimum temperature for growth.
Growth was evaluated at 30 8C on several standard bacteriological media: R2A agar, 0.36R2A agar, tryptic soy broth (TSB) agar, 0.16TSB agar, nutrient agar (NA), 0.16 NA (all from BD), BHI agar, 0.56BHI agar and MacConkey agar (BD). Cell morphology was examined by phase-contrast (Olympus BX51) and transmission electron (Hitachi 8100) microscopy using cells grown on R2A at 30 8C for 3 days. Intracellular granules were visualized in negatively stained transmission electron micrographs as described by Jendrossek et al. (2007) . Poly-b-hydroxybutyrate (PHB) granules were stained with the Nile red component of Nile blue A (Ostle & Holt, 1982) . Orange fluorescence observed in highly refractile granules of cells under short-wavelength epi-illumination established the presence of PHB in the granules. Gram staining of cells was carried out as described by Doetsch (1981) . Gliding motility was tested according to the procedure described by Bowman (2000) . Growth at 4, 10, 18, 20, 25, 28, 30, 37 Polymorphobacter multimanifer 262-7 T (AB649056)
Sphingosinicella microcystinivorans Y2 T (AB084247)

Sphingopyxis ginsengisoli Gsoil 250 T (AB245343)
Novosphingobium pentaromativorans US6-1 T (AGFM01000099)
Altererythrobacter dongtanensis JM27 T (GU166344)
Erythrobacter litoralis DSM 8509 T (JMIX01000006)
Altererythrobacter marinus H32 T (EU726272)
Escherichia coli R2A agar at pH 4.0-11.0 (in increments of 1.0 pH unit). Salt tolerance was tested on R2A agar supplemented with 0, 1, 2, 3, 5 and 6 % NaCl (w/v) at 30 8C for 2 weeks.
Growth under anaerobic conditions was tested on R2A agar supplemented with 0.1 % KNO 3 in a GasPak (BBL) jar at 30 8C for 30 days. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl p-phenylenediamine (Kovács, 1956) . Catalase activity was determined by observation of bubble production after the application of 3 % (v/v) hydrogen peroxide solution. Hydrolysis of casein, starch, hypoxanthine, tyrosine, xanthine and Tweens 20, 40, 60 and 80 and the Voges-Proskauer and methyl red reactions were assessed as described by Cowan & Steel (1965) using R2A agar as the basal medium. DNase activity was determined on R2A agar supplemented with 0.2 % (w/v) DNA and 0.01 % toluidine blue. Pigment analysis was performed as described by Kämpfer et al. (2004) : cell pellets from 3 day-grown cultures (R2A agar) were extracted in 200 ml acetone/methanol (7 : 2, v/v) for a few minutes. After centrifugation, the supernatant was transferred to a quartz cuvette followed by recording of absorption spectra between 300 and 900 nm in a UV/Vis spectrophotometer (Power Wave XS; BioTek Instrument). Antibiotic susceptibility was tested using the disc-diffusion method (Bauer et al., 1966) . After incubation at 30 8C for 3 days, strains were classified as sensitive or resistant; any sign of growth inhibition was scored as sensitivity to that antibiotic. Resistance to an antimicrobial drug was indicated if no inhibition zone was observed. Additional physiological and biochemical characteristics were determined by using the API 20NE and API ZYM kits (bioMérieux) and the GN2 MicroPlate (Biolog) according to the manufacturers' instructions.
To measure the G+C content of the chromosomal DNA, genomic DNA from the novel strain was extracted and purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides and the G+C content was then determined as described by Mesbah et al. (1989) using reversed-phase HPLC (UltiMate 3000; Dionex). Cell biomass for the analysis of respiratory quinones was obtained from cultivations on R2A agar at 30 8C. Respiratory quinones were extracted from lyophilized cells as described by Collins et al. (1977) and were identified by HPLC as described by Xie & Yokota (2003) . The isomer type of diaminopimelic acid in the peptidoglycan was determined using cellulose TLC plates as described by Hasegawa et al. (1983) and Tang et al. (2009) . For cellular fatty acid analysis, strain MC 3718 T and the reference strains were grown on R2A agar at 30 8C, and cells grown to late-exponential phase were used in this study. The methods used for harvesting, saponification, methylation and extraction of cellular fatty acids were according to the protocol of the Sherlock Microbial Identification System (MIDI) version 6.0. Separation and identification of fatty acid methyl esters was performed using a Hewlett Packard 6890N gas chromatograph, with the MIDI Sherlock TSBA 6 database (Sasser, 1990) . Polar lipids were extracted and identified using two-dimensional TLC as described by Tindall (1990) . Sphingoglycolipids in strain MC 3718
T and the reference strains were extracted and detected using the method described by Kato et al. (1995) . Polyamines were extracted and analysed as described by Busse & Auling (1988) and Busse et al. (1997) .
Strain MC 3718
T grew well at 30 8C on R2A agar, 0.36R2A agar, TSB agar, 0.16TSB agar and NA, but not on BHI agar, 0.56BHI agar, 0.16NA or MacConkey agar. Cells were strictly aerobic, Gram-reaction-negative rods, 0.31-0.39 mm in diameter and 0.67-1.01 mm long. The cells were motile by swimming with a single polar (Fig. 2a) or subpolar (Fig. 2b) flagellum, which was similar to related species. Colonies on R2A agar were circular, convex, smooth, shiny, orange and 1.0-2.0 mm in diameter within 3 days at 30 8C. Cells reproduced by budding or asymmetrical cell division (Fig. 2b, c) , which is a particular characteristic that differentiated the novel strain from related species. Cells of isolate MC 3718
T contained a few electron-transparent granules (Fig. 2d ), which were probably composed of PHB, because PHB granules were recognized in Nile red-stained cells by epifluorescence microscopy. The presence of PHB granules is a particular characteristic that has not been found in related species. Furthermore, like cells of Sandarakinorhabdus limnophila so42 T , cells of the novel isolate also contained several electron-dense intracellular granules (Fig. 2d) , which indicated the presence of intracellular polyphosphate granules (Gich & Overmann, 2006) ; in particular, many cells contained a single large granule in a polar position or in the middle of the cell, and several small granules. The strain grew at 4-37 8C (optimum 28-30 8C), at pH 6.0-10.0 (optimum pH 9.0) and in the presence of 0-5.0 % NaCl (optimum 1.0-2.0 %).
T was oxidase-positive but catalasenegative. The spectra of pigments extracted from cells showed two peaks at 456 nm and 480-481 nm (Fig. S4) 
Cells of strain MC 3718
T were sensitive to tetracycline (30 mg), neomycin (30 mg), kanamycin (30 mg), cefotaxime (30 mg), piperacillin (30 mg), ceftazidime (30 mg), ciprofloxacin (5 mg), chloramphenicol (30 mg), novobiocin (30 mg), streptomycin (10 mg), gentamicin (10 mg) and ofloxacin (5 mg), whereas they were resistant to norfloxacin (10 mg), penicillin G (10 U/IE), carbenicillin (100 mg), lincomycin (2 mg) and cefoperazon (75 mg). Detailed results from the phenotypic and biochemical tests are given in the species description.
The major respiratory quinone of strain MC 3718 T was ubiquinone 10 (Q-10), which is the most frequently identified respiratory quinone in bacteria belonging to the family Sphingomonadaceae. The major cellular fatty acids of strain MC 3718
T were summed feature 3 (comprising Table 1 and Fig. S3 , the major polar lipids of the novel strain were two sphingoglycolipids, phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, three unknown phospholipids and two unknown polar lipids. Sphingoglycolipids, phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol are common polar lipids found in closely related species (Table 1, Fig S4b, c) , but the absence of phosphatidylcholine, an unidentified glycolipid or phosphatidylmonomethylethanolamine differentiates strain MC 3718
T from related species. Cells of strain MC 3718
T contained homospermidine as the major polyamine, but contained no additional minor polyamine component, which is a particular feature that distinguishes the novel isolate from related species with the exception of Sphingosinicella microcystinivorans. The diagnostic diamino acid in the peptidoglycan was meso-diaminopimelic acid (DAP), which is consistent with that of the reference strains. The DNA G+C content of strain MC 3718 T was 67.2 mol%.
Phenotypic and molecular studies, especially examination of growth temperature, tolerance of NaCl, reproduction by budding or asymmetrical cell division, polyamine pattern, polar lipid patterns and cellular fatty acid profiles, indicated that strain MC 3718 T can be clearly distinguished from previously described genera in the family Sphingomonadaceae. On the basis of the results from this study, isolate MC 3718 T should be classified as a representative of a novel genus and species in the family Sphingomonadaceae, for which the name Sphingoaurantiacus polygranulatus gen. nov., sp. nov. is proposed.
Our results also necessitate the emendation of the descriptions of a number of related taxa. DDPG, Diphosphatidylglycerol; PC, phosphatidylcholine; PME, phosphatidyldimethylethanolamine; PE, phosphatidylethanolamine; PG, phosphatidylglycerol; PME, phosphatidylmonomethylethanolamine; SGL, sphingoglycolipid; AL, unknown aminolipid; GL, unknown glycolipid; PL, unknown phospholipid; L, unknown lipid.
dBChl, Bacteriochlorophyll; C, carotenoids. §DP, Diaminopropane; HSP, homospermidine; PUT, putrescine; SP, spermidine. 
Emended description of the genus Sandarakinorhabdus Gich and Overmann 2006
The description is as given by Gich & Overmann (2006) with the following amendment. The diagnostic peptidoglycan diamino acid is meso-DAP and the main polyamine is homospermidine.
Emended description of Sandarakinorhabdus limnophila Gich and Overmann 2006
The description is as given by Gich & Overmann (2006) with the following amendments. Growth occurs at 10-30 uC (optimum 28 uC) and in the presence of 0-4.0 % (w/v) NaCl (optimum growth in the absence of NaCl) on R2A agar. The cells contain spermidine as a minor polyamine. In addition, the species shares the characteristics listed in the emended genus description.
Emended description of the genus Rhizorhabdus Francis et al. 2014
The description is as given by Francis et al. (2014) with the following amendments. The diagnostic peptidoglycan diamino acid is meso-DAP and the major polyamine is homospermidine. The major respiratory quinone is Q-10. The main polar lipids are sphingoglycolipid, phosphatidylethanolamine, phosphatidylmonomethylethanolamine, dipho sphatidylglycerol, phosphatidylglycerol, three unknown phospholipids and four unknown polar lipids. No carotenoids are produced.
Emended description of Rhizorhabdus argentea Francis et al. 2014
The description is as given by Francis et al. (2014) with the following amendments. Growth on R2A agar occurs in the absence of added NaCl. Produces oxidase, but not catalase. Tween 40 is hydrolysed, but casein, hypoxanthine, xanthine, L-tyrosine, DNA, starch and Tweens 20, 60 and 80 are not hydrolysed. Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, a-glucosidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase are present, but lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, b-galactosidase, b-glucosidase, a-galactosidase, b-glucuronidase, The description is as given by Yabuuchi et al. (2001) with the following amendments. Growth occurs in the presence of 0-3.0 % (w/v) NaCl (optimum growth in the absence of added NaCl) on R2A agar. The diagnostic peptidoglycan diamino acid is meso-DAP. Cells contain homospermidine as the major polyamine and spermidine as the minor polyamine. No carotenoids are produced. The major respiratory quinone is Q-10.
Emended description of the genus
The description is as given by Fukuda et al. (2014) with the following amendments. The major cell-wall peptidoglycan diamino acid is meso-DAP and the main polyamine is sym-homospermidine. The type strain, MC 3718 T (5CCTCC AB 2014274 T 5LMG 28636 T ), was isolated from high-Arctic tundra soil near Ny-Å lesund in the Svalbard archipelago, Norway. The DNA G+C content of the type strain is 67.2 mol%.
